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A Quarterly Beonometric Model of the United States:

IN' RECENT weers economistas have
made increased use of a relatively
new tool for analyzing the behavior
of tha overall ecomomy—tibe econo-
meiric model. This kind of model—
of which there are now u considerable
number—atiempts to depict in a set of
equaiions the owsential quaentitative
relationships that determine the be-
liavior of such magnitudes as output,
income, employmeni, and prices,
Econometric models have been used
for forecesiing, estimating the ‘quan-
titative impact of alternative Glovern-
meni policies, wnd tesfing verious
bypotheses about the nature of the
business cycle,

This articla presents a guartedsy
model of the T).5. economy that has
been developed by the Office of Busi-
ness Economics. Tt is & varieat of one
constructed unde the direction of
Professor Lawrence R. Klein at the
Wharton School of Finance and Com-
merce of the University of Penn-
sylvania. The original model, con-
sisting of 34 equationz, was designed
primarily as s foresasting instrument.!
In the model’s further development at
OBE, this characteristic has besn
maihntained.

It should be made quite clear that
this article is a progress report on work
that must be regarded as experimental.
Fovacasting business ac@vily ie baz-
ardous whatever technique is used and
the econometrio technique I8 no
excoption. This articls is published
with the intention of fostering the
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progress of research in thiz field; no
predicttons of the future will be
presented. .

The ficat part of this azriicls deals
with the pature of econometric models.

A Profress Report

The aescond describes the OBE modal.
The third reports the results of tests
that show how well the model has
depicled the behavior of the U3
economy sinee the Eorean war.,

Beonomeiric Models

The charactecisiics of an econometric
model and the steps invalved in its
construction sod use will be explained
by refarence to0 a simplified version of
actual models. The following set of
Bix equations constitutes & complete
model, althcugh hardly a realistic one,
and will serve io illustrate the medn
poiots.

{1) Ut=ﬂu+¢1Yt+ ey 11,

(2) I,mBAP 4+ BK, -+

{3) We=vy+m Tttty

{‘1} thol-"' It+Gt

{5 Bi=T.—W.

i} K:-Kb—:+1t

The varighbles included in the above
equation: sre defined as: '

C=Consumption

Y =Ine¢ome (nat product)
W=Wage incomes
FP=Nonwage income
I=Net investment

K =Net capital stock at end

of period

L= {ime
=0overnment expendi-

tures on goods nund
Services

0, Uz, Wy=disturbanea terms

The subscript ¢ refars to a given time
period ; -1 io the previauns period.

The first equation states that con-
sumption in the eurrent period depends
on the same period's income and on
consumption in the previous period..
Net, investmeni, represented in agua-
tion (2}, is determined by nonwage
income earned in the current peciod and
by the net capital stock available at
the and of the previous period, Wages,
in equation {3), are related to income
and time. Thelatier stands for factors
that are not further spacified and that
affect the econoimic variables gradustly
ond persistently, The remaining three
eguations, called identities, are defini-
tional statements and are needed to
complate the medel. Total ingome (or
net preduct) is defined in equation {4}
8a the sum of conzumption, net invest-
ment, and government sxzpendibures.
{The 1teme that in the real world con-
stituts differences between net income
and product are cmibted.) Nonwage
income is the difference betwesn total
income and wage income (equation 5},
and the net capital stock at the end of
the eurrent period is squal to the last
period’s stock plus current net invesi-
ment (equation ).

The first three aquation= contain,
besides the explenatory variables on tha
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right-hand side, the variables u;, wu,,
and wu; respectively. These terms,
called’ disturbancs terms, are included
in sxplicit recognition of the fact that
the other veriables cannot Fully explain
" movernents of the dependent variables
on the left-hand side. Assuming that
no significant variables have been
omitted, the disturbance ferms can be
regarded as reflectng random elsments
representing the net effect of a host of
neknown and vapredictable fsctors.
Ideally they ere small o that the xe-
maining {“systematic’) part of each
squation accounta for most of the move-
ments in the dependent vartable. The
last three equations, because they hold
by definition, contsin no distorbance
tarms.

The following section explains how
the eguntions of a model are con-
structed. A lster ssction showe how
thew are solved and how a model is used.

Constructing the model

As & basis for an economeiric model
the investigator must,  first of all,
establish u conceptusl] framework that
sets Forth the way in which he beliaves
the sconomy to work. In the example,
for instance, there sre three compo-
nents of final demnand—consumption,
Investment, and government expends:-
tures——that ere determined by diferent
sets of factors. Toilal demand, made
up of the three components, ealls forth
preduction of sn equel amount; this
implice that thare are no resourge
limitations. On the income side, it is
assumed that wapes are systematically
gxplained while nonwage ineome is
residually detarmined.

Such & framework does not, of course,
fix the exect character of the model.
There iz wide latitude left with respect
to the particvlar form o model may
take. For instapce, 3t may be highly
aggregative, conlaining only s few
variables and equations, like the illua-
trative example, or it msy be very
disagpregative, containing many,? The

4. Reoenlly developed model vary in abeg fons & fep-
equalicn model (e T Friond wid P, Tiubman, A Hemd-
Agousl Fomchstlog Moodel”” Reade of Eoctomicr oed
Statirtecr, Augnat 1904, DD, X0=-235] to the very Javwa Bronk.
1eqs-2F R0 shodel, whith has over Bl eqasiltos in tha
cmplls versin,  Fea J. Dussenberry, O, Froow, L.
Tkein, i E. Koh k). Thr Sreckings Querimly Exmes
ekl Abntd af thy Onlied Stab (Bacd WeMally sod
Company, 1945).
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choice depends in paxt on how much
the model buitder wishes to explain and

upon how much detail he thinks is.

needed to make a moedel perform res-
sonnbly well. Models also vary with
respect to the length of the wnit time
period; in practice, this peried hes
varied [rom s guarter to a year.

‘There is also considerable latitude
at the next step of model bulding—
the famulation of the component
equations. In the exampla, the first
three equations represent the kind
over which the model builder has dis-
cretion, for they embedy hypotheses
regarding economis behavior; the iden-
titiea arize naturally as logical require-

ments for complateness.

* The investigator selocés equations as.

s result of testing various econmomic
hypothases on empirical data. More
specifically, he uses regression meihods
in determining how well the hypotheses
fit the data for some selected time
pesiod. In the protess, ha obtains
estimeies of the parameters, thet is,
velues of the a's, 8%, and 4's. Equa-
tiona embodying given hypotheses may
be entertained during the fitiing and
tasting stage only to be subsaquently
discarded bacause they explain the
Listovical data poorly. Others may
e disearded even if thay fit such data
well, bacause they do not provide ade-
quata predictability when testad beyond
tha period of fitting.

The testing of hypotheses with netusl
sconomic magnitudes and the selection
of a workable set of equations are the
most impartant tesks of the mode]
builder. He must decide not omly
which verisbles are t¢ be included in
each aquation but also what form the
variables are to take, Together, these
two decisions epnstitute whet is called
gpeetfication. For instance, In the ex-
ample, the ¢tonsumption squation might
have conttined, instead of totsl incoma,
W and P es separate varisbles, In
specifying equations, the model builder
is normally guided by scondmic theory,
institutional knowledge of the economy,
and results obtained by other research
workers, But there xemains s wide
aran of freedom for exercising ingenuity,
which is reflected in different specifica-
tions amonp diffsrent models for aquan-
tions explaining the same dependent
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verisble, The task of apecificetion is
never really finished since new research
may suggest other relevant variables
snd new forms, Revised specification
may also be called for becanse of besic
changes In the sconomy that make the
old equations inapplicable,

Using the model

After the squations have been de-
cidad upen and the parameters esti-
mated, the model can be tested uvs &
whole and applied. This means solving
the set of equations for values of the un-
known or endogenons vaxiables, First,
values of the inpuis to the model aze
obtained. These inpuis are all those
variables assumed 40 be knowa ot the
time tha model is to be processed; in
the case of the illustrative model, these
sre the prior period’s consmmption and
capital stock, time, and government
expenditures, Thes=e variablea are re-
forred to as predefermined, and they
inchude both lagged values of endog-
enovz variables and other megnitudes,
zuch aa time and goveroment expendi-
turea, designated as ixogenous. Vari-
ahles are regarded aa exogenous if they
are helieved to b determined aseentially
rutside the economic system. How-
ever, certain other variables may ba
trented as axogenous if they cannot be
adequately predicted by regression
equations or if making thern sndogenous
would require & substantizlly snlarged
maodel.

After the predetarmined valuas have
been introduced into the equations, the
eniira st is solved simultaneously, and
the outputs—the endogenous varinbles
——ara obtained. In the exawple, there
are gsix independent equations and =x
unknowns, the current endogenons vari-
ables C, T, 1,, Wy, Py, and K. Thus,
the model is complete and can besolved.
The disterbance terms are slse un-
¥nowns, but are sssumed to be zeto in
accordance with their statisticelly ex-
pected valua. Clearly, the values
determined for ssch unknown depend
on both the magnitude of the inputs
and the coefficients (the estimates of the
o's, @5, snd v'e).

When the model iz usad for forecast-
ing purposes, it is appsrent that in
ml-:htmn to the lagged valuss, projec-
tions of all the exogenous variables
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must be included ss inputs. In the
illustrative model, thers are only two
such variables, time and government
expenditures, Only ihe latier, of
course, is not known with certainty.
With all predetermined values intro-
duced, s salution is obtained for the
first of tha future time periods. Fore-
gosts bevond the fiyst period are made
by further projections of exogenous
rariables and the uss of needed ouéputs
of earlier solutions as lagged endogenous
variables. In the simple model, C,
and E, oblained in the first pericd
become C._, and K., with respect to
the next. Successive solutions trace
out a path over time for all the endog-
enons variables. _

Although this article focuzes on the
use of econcmetnic models for forecast-
ing purposes, the policy use of a modsl
iz flustrated here. To the simple
model, there is only one variable that
can ba regarded as an instrument of
government policy, namely povernment
expanditures. It is necessary only to
introduce into the model an alternative
contemplated value for such expandi-
tures under the assumed new policy
and to solve the model under the
changed conditions. The diference in
tha model's behavier under the two as-
sumed values of government expend-
itures represents the effect of the pro-
posed change.

By slightly enlarging the model, it is

possible to iMustrate another policy use. -

If the first equation is modified by sub-
stituting disposable income—incoms
minns taxes—for total income and
including sn additional equetion for
taxes, tho system is agajn complete
with seven equations and seven un-
Enowns. Tha model could then ba
used to examine the probable affects of
& proposed change in tax rates, This
would involve changing the parameters
of the tax equation to conform with the
proposerd changes in rates and solving
the model using the alternative tax
functions.

The working of a simple model

At this stage, an sttempt will be made
to describa verbally how the illuatra-
tive model would work if it were used
Go forecasi the effeots of o given in-
crease In  government expenditires.

-
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In the cese of simple models, sush a
verbal account is possible, and it helps
nonmathematicians to understand the
essence of econometric models. Tn
the case of models as complex as the
OBE model that will be described, a
verbal account is not possille,

1. The assumed increasae in governs
ment expenditoras will result in an in-
creass in product {incomea) (equation 4).
This, iz tum, will result in an incresse
in cofsumption (equation 1), and this,
in turn, m an increase in product
{mcome) (equation 4), snd o0 an, all
within the sams time pericd. :

2. The assmped Increase in govert-
men$ expenditures will also result in an
inerenss in the profit component of in-
come {equations 4 and 5}, and this will
ptimniate investment {equation 2).
NMext, the incresass in investment will
affeet production, income, and its
profits componant, and this will in
tum stimulata investment (see the Eama
aquations). A profit-investment inter-
action will be in progress, similar
t0 the income-consumption interaction
slatched in paragesph 1.

3, The increasea in investment, by
ralzing ineome will also aontribute to
the ingome-consumption interastion da-
seribed in paragraph 1; and the income-
consumpiion interaction will contribute
to the pmﬁi—mvastmant mtre-rm:tmn
dezcribed n p«amgmph 2,

Thuys, the initial inerease in zovern-
‘ment expenditures wili result in s
cumnletive upward mevement in pro-
duction and income and their com-
ponenis—eonsumption and investment
snd wages and profits. How far this
enmulative movement will proceed
depends on the spending behavior of
consumers and investors. Tha higher
the additionnl spending out of additional
income, the larger the tatal effect of
the initial increase in gowvernment
expenditvres. Howavar, it ean ba
shown that the unpward movement
will always Teach 4 limit provided not
all the additional ineome is spent.

This exhousts the effacts of the
incresse in government spanding on
economis actvity in the same period.
However, there are additional affects
in tha next period.

4. In that period, consumption will
incrense further, reflecting the depend-
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ence of ourrent ¢onsumption on prior-
period mnsumptriun {equation 1), and
thiz will in twn tend to stimulate
eggregete economic activity and iks

.tomponents io a manner very similay

to that slready sketched for the prior
period.

5. Howewver, another force will he
working in the oppezite dirsetion:
Investment during the prior period
will have increased the capital stock,
gnd this will reduce investmment during
the current period (equadion Z). This
will tend to bring about a cumulative
downward movemsnt in aconomic aetive
ity end its components.

Wheathar, how soon, and whera the
gystem will finally eattle in responss io
the insrease in government axpenditures
will depsnd on the initisl state of the
economy and the particular behnvior
patterns reflected in the equations. Ti
tha system does settle down ta e unigue
ineome value, ane muy regard the sffect
of the additionsl government expendi-
ture as the resulting (ultimate) change
in sutput. The ratic of the changs in
output to the initisl change in ax-
penditure iz ealled tha Immg-run maudfi-
alier?  Tf the ratio i= computad on the
basiz of the frst period effact only, it is
called the impast multiplier. Ib b later
section of this artiels, the impact
multiplier for the OBE model will e
given. .

The sbove sxplanation of how the
model works within & paricd illustrates
the sconomic meaning of simultaneity.
Mathematically, this iz reflected in the
fast that nons of the aquations can be
used alone to solve for the left-hand
variabla: tha aystem must be solved ns
a-whols.

It would be possible by different
specifications of equations to remove
the simultaneous character of the simple
modal. We could, for szample, sub-
sttute Y., for ¥, in the first equation.
Consumption would then depend axz-
clusively upon lagged wvariables. In

4. Inaovoo comboaty, the xorwilplioy 1o pomfned to the effacls
on ouiput ¢f ehoages o exogeoons wrisblos opersding
thesugh fha sonerrmptlonAmcome keomallgrabhip. In thin
eriick, ¥ 30 of the em b cutended e ehads afech o
oitput apirating chroogh fhe onkim medd. T aboald ako
ba mobed thod o modd Swes mot hawve o eingle valoo i tho
menikipiler, Diferent ezogevous clomoots oy hews Al
Soront effeots, Thaus, &0 Sumed chanpn i transler poy-
mante weald bova o smaller afack on oubput thon an squal
ohisnge B farchiset,
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that casa, the aquation could be solved
in isolation from the others since all
values on tha right wsuld be known.
If the time period { is short enough,
zay 1 weak, the svhstitution of lagged
ineame for corrent income is nof wn-
Teasonable; decisions to spend this week
may well dapend on last week’s income
and not on the cuwrrent weak's. When
tha time period i= muoh longer—n
quarier or more, as it is in almoest all
models—unidirectional cansality be-
coraes doubtful, Thatis, ineome earned
within the quarter can clearly affect ex-
panditures within the same period, so
that causation runs in beth divestions,
Such interdependence also appliss to
other varisbles and points up the im-
portance of simultaneity in a realistic
characterization of econornic behavior.

Forecasting errars

Needless to say, economatric models
do not produce perfoct forecasts of the
future., There are several reasons for
thiz, First, errors can be made in the
projections of the exogenous varianbles,
In our simple sxample, for instance,
government expenditures may turn out
to be differen:t from thosa thaé had hean
projected. Second, the data to which
the equations are fitted vaually ¢ontain
arrors; these will affact the estimates of
the parametars. Incidentally, ervorsin
the deta will also result in a somewhat
inlse standsrd agminst which errors of
prediction are measured.

These two sources of error should ba
distinguished from those that oceur in
the construetion and solrtion of the
modal and that would lead to Faulty
Torecasts even if the exogencus variables
and tha data were perfect. To focus
e these “model” sxrars, it is uzeful ta
regard an aconometric model as a
davice that translates riven inputs—the
predetermined varizhles—into certain
ouiputs, and to inguire into the reasons
why this translation process may go
wrong.

One reason for & model’s failure to
2erve 45 a perfect translator stems from
the fact that no conceivable set of
equations can take full account of all
the causal factors that influence given
varinbles, Wa have alrendy referred
to the disturbance terms, which reflecé
the factors not taken inte account in
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the eystematic parts of the aquationa.
Although the assumption is made that
the expectsd wvalue of the disturbanes
Eerms ig zero, in any given instance tha
actual velue may be either positive or
negative, This will result in differences
between pradicted and setual valvas,
A eacomd type of error alsn is due to
tha disturbances; their presence tends
to obscure underlying relationships, thus
rasulting in imprecise estimates of pa-

rameters, In other words, the paramater

estimates are subject to sampling arror
because any given set of observations
bas associated with it & unique set of
disturbanees that would, in general, be
diffsrent if the same structore undsrlay
another set of cbservations.

Third, the various behavioral equa-
tions may not correcty specify the
underlying economic relationships. Tn
terms of our sivppls model, for inatance,
consumption may dapend not only on
current incoma and Iagged consumption
but also on, say, liquid essets held by
consumers. This is Likely to resuli in
incortect estimates of parameters and
also in nonrandom residuals.

A fingl class of errors that may be
distinguished stems from shortcomings
in our methads of statistical inference.
For instapee, when two or more vari-
nhles on the right-hand side of an
squation tend to move closely together,
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it s diffiult to ealeulate their separate
effects on the left-hand term. This
again affects the parsmeter cstimates.
Also in this elass is the problem of bias
in the parametar sgtimates when the-
equations are pert of a simultanaous
system. (Appendix B contains a ds-
seriptiom of the methods usad to copa
with this preblam in tha presepimaodal.)

The reader might infar from the above
listing that econometric models are
besat with errors.  Thig is far from true,
a8 the subsequent discussion of tha per-
formance of the OBE modet will show.
The economeiric approach is compa.
rable in validity to altarnative ape-
proaches—for instance, the '“judg-
maental” methed, which may also use
econometric methods but which does
not rely co an explicit sat of simul-
tapeons egquations, or the “‘econpmic
indicators"” approach originally devel-
oped by the Natiomal Bureau of
Economic Research. The particular
promise of the sconometric method
slems from the fact that it provides
explicit formulations of the cause-afact
relatioaships in the economy which can
be comrunicated and which are open
to inspection and festing. In addition,
compared with methods confined to
predicéing only directionsl change, the
method has the dear advantage of
quantification.

A Description of the OBE Model

The equations of the model presently
in nse at OBXE are shovwn in Appendix A.
This model represents the current stage
in & process of development thet began
with the Wharton School model re-
ferred to in the introduction.

The original model, with only slight
maodification and with prices asaumad
exogenons, was iested at OBE over a
Iniviy long period. Pruring this period,
certain chenges were made' The
modal presentad in this article incor-
porates s8ll changes: made up to the
time of this writing. As ressarch pro-
gresses snd as changss in ths economy
warrant, further modifications will be
mads,

In its present form, the maodel con-
sists of 40 equations including identities.

This section briefly describes the aqua-~
tions of the model and points cut the
principal mechanisms that mecge the
different parts into an interdapendant
gystem,

Categories of Equations
The modal may conveniently he

divided into mix proups of equations:
thosa explaining (1) componeats of

W, Sgpme of the thaoges 14 o Ty mporod wandifes-
thons of tha orleingl vezalon, white oiivery oitafld relatlvely
mipor raspecifcation. Tk ol Fotdaorwsn tal ehanghes e
the subsHiniln of st sxplie ghoridarm Labor demand
funcHon for an inspdiclé mdekionabip mrolyitg m pradocdsn
aren v, b Lo i otben o wt oaptbe squntio fer the arer-
wii puion dellator, the sobsbicatien of & UlSerent squaidan for
earporsts profits, oo Tordad diecyregstion of commumer
darablan, the Introduction of &b srpeation far bousdog st i,
nad the ke porsbian of w tariatie sistition) dissrepanoy bg
the Ineasne-prpduet kantity.
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GNP, (2) prices and wage rates, (3)
labor force and employment-related
magnitudes, {4) income components,
{5) monetary veriables, and (6} raiscel-
lanecus variables needed to round out
the model. Each of these blocks of
aruations will be discussed briefty,

Components of GNP
" Four equations explain personsl con.

sumption expenditures in 1958 dollars.

Thess equations pertain to expenditures
for antes and paris, other consumer
durables, nondursbles, and services
ather than housing. Housing services
are projected exogenously. Kach of
the consumption tomponents is made &
funstion of disposable personal income,
deflated by an appropriate price de-
flator, apd of other ralevant variables,
Among the latter, Jageed consumption,
reflecting time taken to adjust eon-
sumption to changing income levels,
figures prominently in the nomdurables
snd services equations. Ovther relevant
variables include the ratio of nonwage
o wage income—wbhich is introduced to
allow for an income distribution effect—

population, and deflated liquid assets -

held by households at the end of the
preceding quarter.

CGross private domestic mvestment
in 1958 dollars 35 estimated in -thres
components: resideatial structures,
fixed nonresidentisl imvestment, and
the changs in business inventories.
For the pesidential component, an
squation is included to predict che
number of private nonfarm =ngle-
family housing uniis started during tha
quarter  Muliifamily starts, which
have become quantitatively significant
only in recent years, sre added exo-
genously because a satisfactory equa-
tion for them hes oot yot bean
developed. Egxpenditures on new non-
farta howsing constriuction are obtained
by multiplying the predicted starts by
tost per unit started, expressed in E953
dollars; this product is phased ouf over
tine by using o paitern developed hy
thé Census Bureau. The total res-

B. T}dnwunﬁuuhnmdihdvmhnditnmldnmlnpnﬂ
oy bodal private hooHng starts by B, 3, Mabal, “A Thecry of
Pheonstions in Residentls] Comstroction Etwrte," Awerieom
Eromomic Revfewn, Tuna 108Y, pp. Sp5-860. The reibnmeoe
for the modified agustion & diserged iy Albsct A, Hirsch,
in “Prediciing Housing Staers: Frofessor Misl's Moddl
Mndlfed™ ()£ Dapartment of Commeres, St Workio
Pagwr b Beormnies ond Statedi Mo, 5, umpobtishes),
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dential structures component iz ob.
tained by adding “additions and al-

terations” mnd investiment in farm
regidentinl structures ns exogenous
veriablea, -

Investment in nonresidential strop-
tures and producers’ durable eq nipment
depends primarily on businessmen's
guarterly anticipations of plent and
aquipment expendifures reported in the
OBE-SEC survey, converted into 1958
dollars. First anticipations—projec-
Hons ususlly made. 6 months in ad-
vance—area usad in the equation. In
addition to this varieble, the equation
containg rome others, reflecting the
factors that may cause actusl invest-
ment to differ from anticipated invest-
ment. Such equations are frequently
called realization equations.

Tha uwsa of anticipatory data in a
model, when sueh date are shown to ba
relizhle, may be dafinitaly advantageous
for foracasting. However, tha uss of
such data limits the time period over
which forecasts csn be made. For
more extended [orecasts, it would be
necessaly to substitute an eguation
reflesting the basic determinants of
actual investment ontlays for the equa-
tion containing the anticipatory data.
Alternatively, supplamentary aguations
designied to predici investmant antici-
pations could Be introduced.

For porposes other than foracasting,
equations containing exogencus antiei-
patory variables are generally unsatis-
factory. For instance, if one wishes to
test the effects of sliernative tax
policies, tha uss in the model of
axogenpus investment anticipations is

ah ohetacle, bocause it iz not poegible to

detarmine the sifest of the alternative
policies on the snticipations.

Inventory investment is explained by
total sales of private GNP to final
markats, the prior pericd’s inventory
investment, durahle manufacturers’ un-
fillad orders, and total inventories on
hand at the beginning of the period, all
in 1058 dollars. The last weriabla,
appearing with & negative goefficient,
introducea a vycle-producing element
inte the model, as growth of inventories
in the current period tends to dampen
inventory investmant in subsequant
periods.

Imports (in 1958 dollars} are eski-
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mated by fwo equations, ona for
finished goods and services and the
other for crude muterials and foodstuis.
The first is similar to the consumption
functions in that it includes disposable
income deflated by the implicit price
deflator for imporis end the ratic of
hoowage (o wage income. ‘The materi-
als and . foodstuffs equation contains
fagged private GNP divided by the
import deflator.

Exports and government purchases
of goods and zervices—both exepenons
varinblas—eomplata the accounting for
GNF.

Price and wage rate equations

Price indexes are needed to derive
current-doller estimates of GNF com-
ponents and far other purpozes, such as
deflating disposable income or outputin
the various equations. Most indexes
rapresent the appropriate implicit GNP
deflators.

The equation for the price deflator
for private GNF is a function of tha
aversge unit wage cost of private out-
put for the current quarter and two
pravions ones, and of the two-gquarter
echangs in private finel sales, Tha
laiter variable iz made dependent upon
capacity utilization in ¢rder to reflect
increased sensitivity of prices to demand
pressures when cutput ie near capacity.

Thrss componeni defators-—those
for consumer nonauto durables, non-
durables, and fixzed nonresidential in-
vestment—are made functions of the
change in the overall pries deflator and
their own lapged walues. Two othar
defls ters—for consumer services and for
residantial structures—are made fupe-
tions of the average wage rate. De-
Bators for sutos and parts end for
imports sTe eXOgenoE.

The average (private sector) wage
rate, which is estimated in the form of
a percentage change over the previeus
four gquarters, is related to the state of
the labor market ss measured by the
unemployment rate during the inter-
vening period, and to two fastors that
have a major role in colleotive bargain-
ing decisions: chanpes in ¢uhsumer
prices and carporate profits. The rela-
tive wnge change one yesr earlier—the
change from eight to four quarters



18

enrlier—is also intreduced. This term
appears with a pegative sign; suggest-
ing that current wage . changes are
moderated by priur wage changes.

Labaor forece undamploymant '
aquuham

The lahor foree has increased escu-
lsrly, both in sbsolute terms and as &
proportion of the working-age populs-
tion. Tt is also somewhal responsive to
eyclical variations in employment. The
iabor forca equation incorporates all of
these elemants. The dependent varin-
ble is expressed as & participation rate,
and the axplanatory variables are the
proportion of the working-age popula-
tion employed and a time trend.. :

Man-hours of lebor employed are
esiimated in an equation reflecting hoth
secular and cyclical variations in pro-
ductivity.®* The secoler variable is
capacity output, which determines
man-hour requirements at full capacicy.
Two other werisbles serve to adjust
men-honrs from vl capacity to aotanl
levels of production. Ome represenis
an intermediate adjustment of man-
hours to an output level esqual fo &
moving average of recently experienced
output levals, called “planned’” cutpul.
The sther 32 & shoriran adjustent o
account for the difference hatween
actual and planned outpui Secular
changes in mean-hour requirements dua
o teshnological ¢hange, the growth of
the stock of eapital, snd other factors
are introduesd by making two of the
coelfficionts in the equations depsndent
upen time. For. purely statistiesl
reesons the aguation was sstimated by
fast  dividing through by cspacity
output,

Private smployment is derived by
dividing the estimata of totol man-hovrs
by an index of average weskly hows
worked. The squation for aversge
hours worlced contains the wvariables
“eapacity utilizetion” aad ‘‘time™ to
reflact oyelical and secular movements,

Income equationas

Income components represented by
separate equations are: wages and
enlaries (including other Iabor income),

4. Boa Thonmes A, Wikot and Ot Eokutain, " Shar b R
Trodockivity Bebmavier bn 1.8 Maudatlucing, ' Fastar of
Biwtwiative ond Seoiimicy, Fabruary 164, pp. 41-4.
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nonwage personal income (consisting of
proprietors’ income, rentsl income af
persons, div'dends, and personal in-
tefest incoma}, corporate profitz (in-
chiding the inventory valuation a.dj usts
ment), and dividends.

Private wages and salaries are ob-
tained as the product of privete mean-
hours and the wage rate QGoeluding
ptler labor income);:government am-
ployee compensation is estimated axoge-
nously. The equation for corporate
profits reflects the fact thaé profits are
the excess of salas revenues over costs.
Thus, corporate profits are mads to vary
positively with corporate salas and
negatively with the ratio of the money
wage raie to the ovarall price deflator,
man-hours per unit of outprs, end the
ratio of capaciiy to actual output. The
lust vamiabla serves as & proxy Ior umit
fixred costs.

Nunwnga paraonal income less divi-
dends is made a function of ¢orporate
profits and time. Corporate profits are
introduced to reflect some association
betwoan the entreprenenrial income
component end profita. The time
trend is lermely essociated with the
saoudar behnvior of the other elements.
Dividends are related o their valva in
the previous period and arve alse made
o vary with current corporate profits.

Disposable personal income is ob-
tained by adding tots]l travsfer pay

ments to wage and nonwage incomes

and subfracting personal {ax and non-
tax payments and personal contriby-
tiong for social insuranee. Transfers
other than unemployment compensa.
tion are exogencus. .

Monetary aguations

Tha modal contains & small group of
aquations pertaining to monetary mag-
nitudes. The shori-terin interest rate
is made s function of excess reserves in
the prior period and of the current re-
discount rate. Both are exogenous to
the modal. The long-term rate i, in
turn, made » function of ¢he short-term
rata and its owo lagged wolue. The
long-term rate is used in the equations
for the FHA mortgaps vield and for
household liquid assets. The latter is
also mads to depend wpon personal
consumption expendituzes to rTeflect
transactions demand for money.

May 1058
Misreloneoiis equutimm- -

Finally, there are some equations
that are not convenicntly categorized.
These are equations for new orders,
unfillad orders, - shipments, deprecia-
tion, unemploymevt compensation, per-
sonal tex end #ontax payments, in-
direct business laxes, corporste tex
lishility, capacity owtput, and a num-
bar of identities requived to complete
the structura. Only brief mantion will

-be made here of the more important

funrtions.

Naw orders placed with manufac-
turers of durable goods are estimated
by relating them to corporete profils.
New orders, in turn, enter intoe the
equation for shipments of thess goods.
The timinyg relationship between ordars
and shipments is variable and depends
on the size of tha laggad retivs of back-
logs of unfilled orders to shipments.”
Unfilled orders, which are required also
in the inventory investment and non-
auto dumbles prica deflator equations,
are obtained from lapped unfilled arders
and the difference between new orders
and shipments. The new and vnfilled
orders, shipments, and corporate proi-
its variables in the above relationships
ara defieted by an mdex of wholesale
prices for durable goods.

Frivata output at eapacity levels,
used in a number of equations, i given
by & praduction funetion relating out-
put to labor and eapital ond an expo-
nentied trend to refleet technologiesl
advance. The equation has the Cobh-
Dooglas form and uses fixed nonresi-
dentinl capital stock and 97 percent of
the civilian labor foxee less government
employment as measures of available
capital and labor respectivaly,

Tha equation for personal tax and
nontax peyments ie a simple relation
betwemn such pnymenis and the sum of
wage and salary end personal nonwaga
income. Indirect business tnxes are
relatead to final sales of privete GNP
end to dime.

Of the many identities in the madal,
the one relating the income and product
sides of the nationnl income and
product scconnt deserves brisf mention,

1. Thi squetkn uged R shipmonts bas the seme form o
$1m# ubod by Jool Popkin fn “The Relstionshlp Between
Mew Deders mA Shipmogybs An Anetyrs of the 3echinory

en Equipmant Industelog, ™ By vey oF CUBERT Busnes,
Munteh 1965, pp. He32.
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In addition ¢o income snd product
flows, this stalement contains the
reconciliation items, which include the
statisticn] discrepancy. In {he present
model, the discrepansy is nog pssumed
et some predetermined valpe but is
sllowed to vary within certain limits
imposed on ite movement and level.?

The Maodel ae an Inter-
dependent System

The foregoing deseription of the
gquations does nat make ¢lear the inter-
dependent character of the systetn. As
noted in the disenssion of mterdepen-
dencies i the simple illustretive model,
it is impossible to give an sffective
verbal account of the iuterdependence
in a modal consisting of many equations.
Howaver, with the aid of the How chart

8, Bew Appeidiz £7 Jor the rescoa for tois trestment And
AN 0000k of Che corodrnineg Hopossd.

SURVEY OF CURRENT BUSINESS

{see chart 7), which depicts a sztmplified
version of OBE's modal some idea may
ke obtained of tha main interrelation-
ghipa. '

The rectangular bozes in the center
of the chart represent, in condensed
form, the muwin current endogenous
wariables in the model—the varinbles
for which a simulteansousz solution is
sought. The rounded bozes to the left
and right of the vertical dashed Lines
reprasent, respeciively, the more im-
poriant exogenous and legged endoge-
nous varahles,

Tha important simplifications to nota
are: Compensation of government
employees (GNP onginating im govern-
ment} is aesnmed to ha zaro,
fion, investrnent, and impert compo-
nents have been aggregated into singles
variables. Clomponent price dellators

Consump-
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are represented by one box.  Corpomte
profits and personal nonwage incorme
ara consolidated mto one nonlabor in-

" come variable, which is trested resid-

ually in the simplified version although
not in the foll model. Some relation-
skips, such as those thai determine
unfilled orders, liquid assets, and hous-
ing siarts, are not shown, The time
variable, which appears in sevaral
equations, is left out, as are relatively
minor explanatory varisbles. Finelly,
reconciliation items beiween nadional
income and product are neglected.

The lines connecting the bozes of
the churt reveal the direct dependencies
among variables, The amows indicate
the causs-affect direction of thase de-
pendencies. In the chart, no distinetion
iz made beiween heha.vmml aqua.tmna
and identities.

CHART 7
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Some of the interrelationships in the
system can now be traced. It is useful
to point out first the linkege batween
produci and income- in the model.
The hoxes representing the GNP com-
ponents at the right of the endogenous
portion of the chart plus government
purchsses and exports make up total
GNP. By deflating the latter (see the
line connecting the mplicit GNP defle-
tor with the line emansting from GNP,
GNP in 1958 dollars s obtained. The
main linkage to the income side of the
accounts is shown by the line leading
from GNP in 1958 dellers to the box for
man-hours snd the box for weekly
bhours. One important link thus sccurs
vie. employment variables. The nest
of boxea concerned with employment
ead with the wege rate determines labor
income. As was mdicated earlier, non-
labor income is detarmined residuslly
in this simplifled version of the model,
that is, as the difference betwesn GNP
and Iabor income.

The feedback from income to produce
can also be delineated. As expeciad,
the main linkage iz revenled via the
chain “incotie-taxas-disposable incorme-
consumer expenditures.” This chain
can easily be followed in the chart.

The way in which prices are deter-
mined in' the model can also be set
ferth, It iz best seen by tracing the
lings that lead into ths implicit price
deflater box. Ome such path emanates
from GNP in 1858 dollars, another from
labor income, and a third from eapacity
output. The first two of these fows
eombine to influence prices by chanping
unit, lebor costs. The firet and third
variablas indicate the affect of copacity
pressires an prices.

The deseription of the modal given
previously indicaied that component
prices are made functions of the oyerall
implicit price deflator and, in soma
instances, of the wape rate. The main
nfluenece on component prices steme
from the former—the box immediately
adjneent—hut it ean alse be seen that
» line emanates from the wage rate
and frow lagred prices.

A number of other relationships can

ba fallowed in the chart. For example
the relationships among the boxes
concerned with employment and re-
lated variables ean ba traced. Em-

SUBVEY OF CURRENT BUSINESS

ployment is derived from man-boum
and average weekly hours: Te show
this, a line from weekly hours joins ona
from msp-bours and leads to employ-
ment. The wage rate is affected by
unemployment—the difference betvween
labor force and employment—and by
prices. Thus, lines flow te the wuze
Tate hox from employment, labor foree,
end the component price deflators.

The reader will nate that, with the
exception of the rounded boxes repre-
santing the predetermined variables,
which lie al the extreme right snd left
of the chart, all bozes have agrows
entering them as well as emanating
from them. This revesls the simul-
taneous character of the eystern and
makes it possible to trace paths which
sre closed—that is, psths from any
endogenous variable through other en-
dopenous varisbles and back to the
original variable. There aramany such
closed paths—or loope—in the system.
The meome-product loop is sesn to be
the main eement of simulianeity.

- May 1068

Another [mportant loop s that in-
volving wages and prices.

The earlier discussion of the illus-
trative model introduced the concepts
of longrun and impact multpliers.
These ratios constitute impoertent char-
scteriatice of specific models. In the
presen model, the multiplier is not o
constant but depends to some degree on
the levels of some variables. A test for
a recent pericd vieldsd an impact

multiplier on purchasss of approzm-

mately 1.8, This means that if govern-
ment purchases were to he changed by
£1.0 billien, the effect on ontput in the
seme quarter would be $1.8 billion.
Owing . to the fesdbacks via lagged
endogencus variables, the cumulstive
effect would be larger in subsequent
quarters, No figurs is given here for
tha Jongrun multiplisr becanse the
present model naglects effects. of
changes in excgenocus variables on the
plant and equipment anticipations var-
iable—sn omission that would lead
to an underestimate of long-run effasts.

Testing the Model .

Whether 2 model is to be used for
forecasting or for studying policy or

business eyeles, the eriterion of accepta- _

I;ﬂity must be the accursey of the pre-
dictions it produces. Inm policy studies,
in which interest fornszes on quantifa-
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“tive differences in economic hehavior
yesuliing from alternaéive policy ac-
- tions, it is Decessary, &3 was Dhoted
- earlier, to take ell major policy instru-
ments inte sccount and to derive
endogenously as many ws possible of
the nonpolicy warisbles. This may
result in some loss of forecssting sccu-
raey. But even in policy applications,
forecasting aceuracy must be reason-
ably good if one iz to have comfidence
that the dynamie strusture of tha
eronomy has been adequately capturad
- by the set of equations.
©  This section presents three sets of
resulte: {1) o guenfitative acalysis of

the entire period 1953 through 1965;

{2) ao ezaminstion of the model’s per-

formuance in predicting ayelical tuming

| points; and {3} 2 detailed presentaticn
of the model’s performanca for 1965, a
year that lies outside the pericd over

. which the equations were fittad. ,

- These mmaulte do not repreésent fore-

: casts in the ususl senss of predistion of.

evenls beford they occur. They are,
rather, ex-post forscasts in which exoge-
* notis veriables are assigned their aciusl

values. Lagged endogenous varishbles, -

however, are thase penevated by the
model ae current endogenous variahles
of pricr quarters. Whils such tests ave
not strictly pertinent to an actual fore-
casting situation, they have tha advan-
tage of eliminsting arrors made in
.projecting the exogenous -variables.
" Dbvioudy, in judging the validity of =
modsl, exrors due o wrong assvmptions
.about the exegenous varisbles are not
relovant. '
There is, however, & sanse in which
tests for the period prior to 19065 sre

oot fully adequate. Since this is the

period to which the equations of the
model were Gited, it iz somewhat un-
cartain whether the basio structure of
economic behavior was captured or
whether the equations reflect epecial
faotors unique to the period. There is
the further peint that the structore of
the economy may have changed snca
the period over which the equationz
wers fitted. The only conclusive test
of foreoasting accuracy is whether »
model continues to perform sntisfac-
torily beyond the pericd from which it
was derived. This limitation, howavey,

- the overall behavior of the model during -
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does not imply that ez-post forecasts are
oi ne value. Adequate performance
over the fitted period iz et loast & neces-
sary condition for sceeptance; a model
thet performs poorly over the ftting
period is not likely to be & good fore-
casting tool. T
It is important to note m this con-
nection thet apart from the tests of the
individital equations discussed earlier,
the model requires testing as a whole.
Even if the separate equations fit well,
have statistically significant coefficients,
and are theorsticslly ressonable, the
maedel a2 a whole may still perform nne-
satisfactorily. This may be because

21

the simultaneous solution of the entire
system and the use of an earlier period’s
outputs as leter mputs mey cause
S8ITODTE.

Model Performance, 1953-65

To test the model's guantitative
performance, ez-post forecasts of eco-

- nomie activity were mads for each of

the 13 years 1953 through 1965, In
each cage, the model wae run for the
four quarters of the year using the
fourth quarter of the previons year as
the jumpoff point. EKnown values of
exogenous variables were vead through-

L, HART &

Predicted Versus Actual GNP, 1953-65
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out. All Ingged endogenous variebles
arising from quarters within the year
ware those yielded by the model rather
than actual values. - Thus, the results
provide a test of how accurately the
model generates & anueclma of outputs
from an ipitial starting point.

Major results of the tests are shown
‘in tables 1, 2, and 3 and in chart 8.
Table 1 gives predicted and actust
values of GNP in. current dollers by
quarier and by year. The last two
_pairs of lines show. predicted and sctual
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yvear-to-year changes in current- -and
constant-dollar GNP. Table 2 lists
the errors in predicting cwrrent-dollar
GNP and its major components, dis-
posable personal income, real GNP,
and the implicit price deflator for GNI.
Errors are defined a= predictad minus
aciual values. Table 3 presents sum-
mary statiaties on errors for the same
items, The chart shows predicted and
actunl GNP; each four-quarter fora-
oast 1s shown as starting from its prior
fourth quarter actval GNP jumpoft.

My 1006
'Gm'nl time path

Table 1 and the chari:r show that the
model performed quite well over the
pericd. For 0 of the 13 yeurs, the
geror in predicting GNP for the year
was $2.0 billion or less. As shown'in
table 3, the average absolute error (ob-
tained by disregarding the signs of ibe
ndividual errors) for all 13 forecasis was
$2.3 billion. The average absolute
error for constant-dollar GNF was $2.0
billion. © A2 ihe bottom line in table 1

Table 3 —Coarterly and Annual Prediction Ervors: Selected Iteans, 1958-65
(Déllkona of cermt dofiva srasinally edjusted st anmied Tater, unkes 1ot sppiiabls)
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ghows, the model pradicted the de-
cdimes in constant-dollar GNP in both
1954 and 1958.

These resnlts are highly summary
and conceal atrengths and weaknagses
in predisting gquorterly economie be-
havior as well az the behavior of indi-
vidual components, Table 3 shows, for
example, that (average abzoluts) errors
sre not, in general, uniform throughont

the yéar. For current-dollar GNP, the -

error tends to increase with the distance
from the jumpoff quarter, although the
pattern is not completely consistent.
The error made in fourth quarier pra-
dictions, For example, was $3.7 billion,
as ¢ompared with 2.5 hilliou for the
first quarter. This iz not surprising,
since successive quarterly forecasis am-
bedy whatever errors were mada in
prior periods’ components, and these
enter as inputs in later periods.

In some instaoces, relatively small
errors in GNP for the year as & whole
reflect offsetting positive and negative
errorg made in the individuasl gquerters.
For 1957 as a whole, for example, pre-
dicted GNF differad from actual GNP
by only £0.2 billion, becauss an over-
astimate of $4.5 billion for the first half
of the year was virtually offset by an
underestimate for the seeond half,

Quarterly srrors in  current-dollar
GNP renged from a low of —3%6.9 Lil-
Ion {third quarter of 1857) to a high of
$11.8 billion (fourih guarter of 1953} ;
arrors in constant-dollar GNP ranged
from —£7.2 billion (fourth quarter of
1955} to $8.8 bhillion (second quartar of
1954}, However, the summary msas-
ures given in table 3 show that such
larze arrors wers exceptional,

Absolute errorz in components

Comparatively small errors in total
GNP may also reflect larger but
partly offsetting errors in the compo-
vents, as can be seen from table 2. In
genersl, however, errors in components
were also moderste.

The largest errors occurred in con-
sumption expenditures, Averags ab-
solute errors in this compenent were
about the samea as for total GNP. One
might well expect this since consump-
tion expenditures account for mbout
two-thirds of GNP and ususlly for »
lazge proportion of its changes,

SURVEY OF CURRENT BUSINESS

Errors in predieting residentisl eon-
struction, fized nonresidentizl invest-
ment, and net axports were relatively
smali. (Errors in vet exports reflect
errors in imports sines expurts. are
exogenoys.) Average abzolute errers
in each of these items for all guartars
and years were lesz than $1.0 billion,

On the average, errcts in inventory

change were somewhat larger than those -

m the last three items mentioned but
less than those in consumption expendi-
tures. Errors in inventory change weare
oftan rei.nt.ivaly largs, but it should be
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rememberad that inveniory changa is
the most volatile element in GNP. |

Price behavior was parhapa the
pocrest aapect of the model resylts.
Avérage absolute errors in the implicit
GNF deflator were 0.2 points for each
of the first two quarters, or only some-~
what less than the average guarterly
inereasa in the actunal deflator; for the -
third and fourth quarters, the errors
were larger. However, the equation
system is such that errors in the price
index ard in reel putput tead io oppe-
site direstions; thus, current-dollar
GNP dnes not bear the full brunk af
errors in price.

Evidence of bias .

There is evidence that errors of
prediction in the model are not entirely
random.. For the period as a whole,
there was & shight tendemey 0 over-
estimste GNP, This iz mdicated by
positive average errors (obtained by
netting positive and negative errors),
shown in the second celumn of table 3
for each quarter snd for the year as
a whole; somewhet larger average
errors are observed for real than for
current-dellar GNP,

The tendency to overestimate GNT
reflectad primarily s similar teadency in

- perzopal  consumption  expenditures,

Table 2 shows that positive errors in
consumption were geaerally associated
with positive errors in disposable in-
come—sn  important determinsat of
consurnpiion. However, suoh errors
werenot perfectly correlated. Further-
more, disposable income exhibited
smeller average errors than did com-
sumption.

Averspe errors in GNF componanis
other than consumption ware all less
than $1.0 billion and in moat cases less
than $0.5 billion, indieating littls or no
biss in estimmting these components.
Despite sizeble average absolute ervors
in the implicit GNP deflator, there was
no apparent bias in estimating it.

Business Cycle Turmng Points

‘Testa of a model's performance in
pradicting business cycle turning points
are clesrly important in an overall
appreisal, Success in moeking auo_h
predictions strongly suggests that crici-
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col dynamic eleccents in the sconomy
bave bpen falken into account in the
set of equations. Failure to pess such
tests reflects adversely on a model’s
reliskility, et laast for periods when
eéonamit activity 1s undargoing changes
in dirsction.

Such tests can be applied with
varying degrees of rigor. A stringent
criterion of success is the requirement
that sll turping points be estimeted
with precise timing. ‘This test is
particularly rigorous when actual
changes in direction sra slight. An
slternative criterion iz thei forecasis
ghow & directional chenge in the
neighborhood of the actusl torning
point.  Although considerably lesa

rigorous, such a criterion still permits -

appraisal of the model's usefulness
sineg o somewhsr mistimed signal of

SURVEY OF CURRENT BUSINESS

change is clearly better than no signul
at alk.

In tl:ua section, the behavior of the
model in predicting constant-dollar
GNP at ite six cyclical turning points
during the 195361 period is ¢xamined.
Three separate four-querter foreeasts
were made ypreceding each turning
point. The first used as a jumpoff the
quarter thres periods before the actuel
reversal; ihe sacond and third started,

' respectively, from toro quarters and ona.

quarter bofore the reversal. Thus,
there were in all 18 foreceats, D for
upturns ard 9 for downturns.?

Chart 9 presents the forecasts of both
constant-dollar and current-dellar GNP
for each of the tuning poinis. The

1. Tt ferwcast Hhres Quartess bekors Ll 168 opdum e
off from the peak quarter In BT and thos b ab & forecst
msds ons Quarter o ad vanes of B dowmtorn chat fllawrad,
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discussion focuses on econstant-dollar
GNP bBécause it i1 the most -compre-
hensive’ measure of real economic
activity.

Summary of turning point behavior

The rigorous criterion of exactly
eoincident timing was met by the model
only infrequeatly. Three of ths nine
forecasts of downturns were precissly
timad—one wade two quarters and two
made one guarier im advance. None
of the forecasts mede three yuarters
ahesrd manifested precize timing. In
recoverias, fiming was sccurate only
when the foracast was made oune
quartar before the actual upturn; pre-
diction was accurate in two of the threa
cazes. The resulte at both peaks and
toughs sugreat that precision is in-

C
Carmentt anid Caustant Doltar GNP 3t Cyefical Twening Poiets, 1953-51: Predieted Versus Actual
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creased when the jumpof quartar is
ciose to the actual turning point.

The performance of the model was
very good when the criterion was
relaxed to require only that it predict
n turning peint in the neighborhood of
the actuel turning point-—for instance,
one quarter on either side. The char
ghows that all but 3 of the 18 forecests
met this criterion. The eaxceptions
were forecasts made three quarters
before directional changes oceusTed.

The foregoing summary wes con-
cerned solely with the extent to which
turping points were snegessfully pre-
dioted. Tha following section is o brief
analysis of the medel’s behavior with
particular reference to individual cyeies.

Performance T individual cyoles

Perbaps the best performance =zt
celeal fturping points was in the

SURVEY OF CUERENT BUSINESS

1357-58 period. Forecasts twe and
three quarters befors the fourth quarter
1957 decline showed a contraction in
activity in the third quarier. The
forecast made one guarter before the
actual turning point predicted it cor-
Tectly. All three of these forecasts
wirned of e substantial dechne in
vonztast-dallar GNP, similar to that
which actuslly ocourred.

Beaginning two quarters ahesd, the
model algo predicted the 1958 npturn
and to some axtent its strepgth. Of
pacticular interest 13 the forecast made
two qguarters before the upturn began.
It shows o continuation in the decline
of real GNP for one more guarter,
followed by a laveling of prior to
recovery. The foracast one quarter
before the upturn corvectly predictad
-tha recovery,

25

Or balence, the hehevior of the
modal in the mild recession of 1960-61
was not as good as in the 1957-58
recession. The model performed ns
well, if not betier, in predicing the
downturn, but was markedly less suc-
ceasful in predicting the upturn.

With respect to the 180 dowaturn,
the forecast made thres quariers earlier
started from the third querter of 1959,
This quarter was dominated by the
contractionary influsnce of g striks in
the steal industry. The modsl pre-
disted s continued dechire for one
¢uarier, & sharp advance for one quar-
ter, and much smaller advances for tha
two quarbers io whick actual copstant-
dollar GNP was edging down from ite
peak. The foracast made two quarters
before the dowaturn gave early warning
of the exact quarter ioc which it would

I AR  CHART ¢

liptum
1558

Bl of Cyrrant Dallors
oni]

47 E

blllcna of Conuiant (13580 Dallans

473

Achral ————
Three Quarlers Atead
Two Quarters Ahead  -——- + PREMWTED
Oz Quarter Ahwad .
Dowinturm Lipiwm
1940 1961

"

a2

kL

78




26

start. The forecast made one quarter
before the dowrnturn was timed correctly
and the predicted decline was about the
Tight size. In addition, this farecast
indicated the ensuing wpturn, but
placed it in the firsi quarier of 1941,
when motual constant-dollar GNP feld
only shghtly further to reach its trouzh
for that recession. _

The prediciion made three quarters
Lbefore the uplurn was quite inaccurate,
forecasting the recovery two querters
before 1t actually ocourred. Tha fare-
cast made one quarter later alse gave &

SURVEY OF CURRENT BUSINESS

premature signal. The forecast made
ok the trough correcily indicated recov-
ery. However, in view of the failure of
the two preceding forecasts to materi-
alize, it could easily have been dis-
counted as snother pretnature zignel.

The forecasta for the 196354 period,
particularly for the recovery, were least
satisfactory though still relatively wse--
ful. All forecasts, including the ome
made three guarters shead, showed o
revession but in each case ome quarier
later than it actually osewrred. Despite
the timing error, the persistency with

May 1048

which the model suggested & recession
made the forecasis of value. During
the recession, two premature signals of
recovery were obliained, although the
second one Buggested it would be
abortive. A comtinuation of the decline
in constant-dollar GNP was forecast
at the trough.

-

Forecast for 1965

As was pointed out eazlier, the fore-
cast for 1985, since it ia outside tha
period to which the equations wers

Table 4.—Predicted and Achzal Gross Nationml Produet and Components, Income and Reconciliation Iteins, and Sslected

Supplunentary [tema, 1963
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fitted, iz 2 more adeguate test of the
model’s performance than are the fore-
custs made for 1953-64. Moreover,
1965 presented something of » challenge
to etonometric models becanse special
aceount Bad to be talen of & pumber of
unieigl avents.

SURVEY OF CURRENT BUSINESS

A dock strike gecurred esrly in the
first quarier reducing the wolutne of
imoports and exports. At the same
time, production of autes picked up
sharply following the suto stcikes in
lote 1984, Bteel producers snd users
continued to acoumulate inventories in

27

anticipstion of m stesl sirike., During
the third quarter of the year, axcise
taxes on & number of consnmer goods—
mainly conzumer durables—were re-
maoved, lowering prices paid by con-
sumers. Apart from the further redus-
tion in income tax rates in 1965, personal
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tax payments dropped from the some-
what inflated levels of the first half,
which were associated with the under-
withholding of taxes in 1964.

Fortupately, an economatric model
s sufficiently flexible to make allow-
ances for spacial factors af the kind just
deseribed. In an actual forecasting
situation, such factors most, of conrss,
be anticipated and quontified slong
with the wnsusl exopenous veriables.
In testing the model over » past period,
as with the OBE model, the task is
made easier by the existence of ex-post
information regarding the specigl fac~
tors. Bui most special elements can-
oot be isolated with precision even in
ratrospect. For example, in the pres-
ent instance available data do not
clesrly indicate how muech inventory
buildup was due to the snticipation of
8 sirike and how much was “‘normal.'
It is uvsvally poesible, bhowever, to
prapare at least a crude estimate of the
special factors.?

It may be noted in this connection
that the 1953—6¢ forecasts disoussed
previously were not ndjusted for special
factors other than through the use of
the ‘dummy™ variakles appearing in
the anto and inventory agquafions and
through allowanee for changes in taxes.

Tables 4 and 5 presant in full detml
the cutputs of the modal by quarier and
for the year as a whole, together with
correspending actual vatues and errors
of prediction. Table 4 presents GNP
and itz components in current dollars,
income and reconciliation items, and
certain supplementary items ineluding
labor forca and employment dats.
Table 5 gives endogenous variables not
shown in table 4.

10, Bpecifiphlry, the kllvwing odoimente werg mads;
T allew Kr abtormal adle orchates L the Aok s,
& dummy " varlatie-—which 1s inehded in e st equatipn
Lo Hke varm of steike Sinathonc—rwis oitlgmed o welen of
one, ad3ding ¥1.6 Miien more to coturmer purehasss i Fhe
oquato woold otherwise heve rylekded. Shalariy, $L0
Liltion s tamporardly addad (0 inventoried (0 alow K
nicke] $teel omd oots inventery bolldop,. Ao eeMmeted
weduwchion Ly imporkd doring tho Amé gotrdac 2od & sab-
seqoent mebenp io the Second, aeoockited with the doic
#tiikg, Wake Hitilardy locorporated.

Amaunts of £2.5 Billien, 330 hillkon, and g3 Mk wow:
ediiid 0 the portoidl thr fonetion foe the frat, seeond, amd
third guarfers wetpasdivaly, The Impeit pricy delnton
for “other® damebbes wnd totat pelrote onkpot wors mediaeml
afkar Ko second qoarter by L7 ondl .3 polnts npettively,
oo the aemnmplhon that the mdueticns in srses togs weee
Iolly pasied om W commumers; lndictk orines foes wero
redpoed by 8.6 LUlko,
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1965 performance

The model closely depicted the degrae
and pattern of economic expansion
during the year. It yielded a GNP oi
#6774 billien for the year as a whals,
or $1.1 billien above the actual level.
This regresents an error of 2.3 percant
i predicting the changs in GNP from
1964, the soivel change being $47.6
billicn. The error in predicting the
change from the fourth quarter 1964 {o
the fourth quarter 1985 was only §0.5
billion. As shown in chart 10, the
model results gave a good depiction of
the genersl pattern of quartarly GNF
chanpes over the course of the yenr
This paftern was characterized by

I HART 10
Predicted Versus Actual Quarterly
Changes wn GHP and

Major Compsnents, t!ﬂ_iﬁ

Chatge Fiam Peaviauwy Qyarper,Seacanaly
Adiusted, o Amnued Raks

U, 5 ranieinl of Colsiship, Gha ol fochitre [opeic

Ll

- quarter.
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large changes for the first and finel
querters and somewhat more moderata
goins for the intervening periods, The
major components did not do quite as
well on ¢ither an annual or & guarterly
basis.

Table 4 shows that GNP was slightly
overestimated for each guarter of the
year, as has been. the iendency since
the Eorean war. This reflects mainly
& pattern of overestimating personal
consumption expenditures. Not all
consamopiion components were DveT-
estimated, autc purchases beinpg the
noteble excaption, Errorsinindividual
investinent components, though usually
pegatave, were relatively small, excepd
for the underestimate of invaniory
change in the fourth quarter, when
actual inventories rose by an exceptional
$10.1 billjon.

Parsonal income was overestimated,
perticularly @ the third and fourth
quarters. Positive arrors cenfered in
wage income and are atiributable to an
increasingly overestimated wage rais,
Positive errors in wages wers partly
offset by underestimates of nonwape
personal income. Predietad corparate
profits (ipeluding inventory velustion
adjustment), which in the model are
inversely related to the wage rate, were
aleo balow actusal Jevels.

ONFE in 1958 dollace, unlike current-
dollar GNP, was sligktly underesti-
mated for the first three quarters of the
year and substantially so—by $7.2
billion—{for the fourth guarter, This
reflacts azcessivae price incresses pre-
dicied by the model. The implicit
GNP price deflator determined by the
model was consistently higher than the
actual, and markedly so by the fourth
As shown in forecasts for
oarlier years, prices have been diffieult
to predict, though net always for the
same reasons. In the present case,
excessive price gains yielded by the
madel are clagrly assoviated with over-
estimation of the wage rata.

Because the price results were not
very satisfagtory, another forecest was
made with ncitual price deflators re-
placing those predicted by the equa-
tions. Since mn this version prices wera
assumed to be exopansus, the mmodel
was reduoed in scope to predicting real
quantities on the product side.
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Tabla & shows tha main resnlts for
this slternative forecast. Interest-
ingly, the bshavior of current-dollar
GNF and its major componenis was
Eftle affectad during the first three
guarters by making prices exogenovs.
Howersr, GNP in 1058 dollars was
agtimatad ahove the acius] laval in ench
quarter in this version. In the fourth
quartsr, current-dollar GNP was 32.8
billion higher than befors; that is, addi-
tional real outpui more than offset the
raduction in price level.

In both versions of the forecsst, the
unemployment rate approximated the
sharp decline that took place over the
year. In the full version, the rate did
not fall quite to the actusl fourth
yuarter level, while in the exogenous
price wversion it dropped below. The

SURVEY OF CURRENT BUSINESS®

lower vnamployment rate in the exog-
enons price verzion reflects s larper
gain in smployment—virtuslly the same
as the actusl increase—associsted with
the greater rise ia reel cutpui. In both
cases, expeneion of the labor foree was
somewhat nnderestimated.

It seerns farr to say that this particu-
lar forecast has been improved by mek-
ing prices exogenous. Whether this
wauld be generslly the case in actual
ex-gnte forecasting depends, of eourcse,
on how wel]l independent price projec-
tions ¢an be made.

Further research

The inadequaciss of wage and prics
determinatipn in the mode] point up the
need to improve the apecifications of
the wage and price functions. Thisis s
major challenge facing all econometric

290

model builders. Aparé from this, fur-
ther work iz required in zaveral areas ic
improve the OBE model. These araas
inglude the monetary egquations, the
equations for inventories, man<hours,
and importe. ¥n addition, a number of
the present equations show evidence
of nonrandom residuals, suggesting the
need for improved specifieations,

Beyoud this, the usefulnass of ths
OBE model would be incressad by
further adapiiog it for policy purposss.
This, as has been ooied, entails the
nfroduction of more policy variablas
and also the prowision of endogenous
explanations for as many nonpolicy
variables as possible. Fa thiz eonmee-
tion, the major fask shead is the de-
velopment of an endogencus {unction
for fixed investment.

Table §.=Fredicted and Acroal Major Forecast Joems, 1965: Exogenous and Endogenous Price Yersions
{BiHons of dollart siasnoally sdjusted ab arinicsl rates, unless nor stipheattad
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APPENDIX A

ESTIMATED EQUATIONS

MNurmbere in parentheses under coefficients are standard ervors of the coeffi-
cients. Key to variablea and other abbrevistions follows equations.

L GNP Compoment Eqnations

(1) Personsl consumption expenditures, autotnobiles snd parts

cr,=—134 0—1t.0 Py 104 TT 1100.00h,)y+1.854,;
((14) (6.4) B (o06) P (19.4) (.30}

T8LS, Br=.91, §=1.0, D.W.=1.25,

(2) Personal consumption expendituree, durables other than automobiles
and paris

YT Z,
Q=300 080 —=—
" (on (o0z) Px (s, 2}“’ (ma)( m)

TSLE, Tit=98 5=.5, D.W.=.85.

{3} Personal consumption sxpenditures, nondurables

a=s1+ 252 T=Zy 210 2 5% (0o

(13) (025 Pa (063) B
TSLS, Br=. 905, 5=1.0, D.W,=1.23.

(4} Personal consumption expenditures, services (except housing)

Com—da 2t 080 =T 4np L @k g,

(o6) (018) Br @ (161 33--
TSLS, Brme. 508, S5, D.W.=1.13.

{5) One-family housing starts, private nonfarm "

5, =— 768 1 .822 {HS8,)-.— .113 ().,
(.92 {.187) (.081)

— 438 {r,)_,+1630 (ﬂ) — 021V
(38) (486) Mn/-1 (0235)

LS, Fe=.02, §=54.5, D.W.=1.08.

Pﬂg gﬂ Ry aoortg: Tregsury Bl i, lagged twy, thres, nod T qodrters, 8 oed n ploos of Faka With
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(6) Residential structurss, nonfarm

= ‘1;} + aotean [ a1 (-.u Hs) 449 (‘“ HS)

+1u(*HS) ~ 104+ 04, +.384, 1, ;
=i (2 (23) (.24)

OLS, B2= 03, §=.4, D.W.=1.36.

(7) Fixed investinent, nonrasidentisl

L=11.0+ .80dJ4 108(AX) 4 .524(Fe—T%) o+ 1638 +.140,;
(1.5 (048  (.026) (.226) (.012)

OLS, Fm 96, 5=1.0, .W.=1.25.

{8} Changs in business inventories

T=49.9+ 23 X—I,—C)+.365(F)
0.2 {.0did) (.084)

E I+ 215(L7) .+ .72¢ +-4.344,;
" Cosny= T ey (18} (35)

TSLE, Br=51, S'=1.ﬁ, D.W.=2.04.

(&) Importa other than crude materials and foodstufis

Fy=155+ 0573 £—%_ a9 ﬁ-,;

0.1} o026 P (17.0)
TSLS, =147, 8= ¢, D.W.=.80.

(16) Fmports of crode materials and foodetuffs
= ga
Fo= 3944 0027 ( X)_l

OLS, B=35 5=2, D.W.=1.18.

IL Price and Wage Rate Equations
f11) Implicit price deflator, gross private output, except housing services

1&_( mus} (ﬂ?ﬁ} 3 z-\ﬁ {.00042)

TRLS, Bt= 008, S= 004, D.W.=_00.

() + s (%) 5 v ook gouis
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{12} Imphclt price deflator, personal consumption expenditures, durahles
cther than subomobiles and paris

a=—005 + 774 +108|[ w)—1 OOML5(TT_y;
P Co00n) (1) oty " (000048)

TRLS, Bi=96, §=.003, D.W.=1.39.

{13) Iraplicit price deflater, persanal consumption axpenditures, nondurghles

e=—010 + .95Ap+ 1016(8.)-1;
B 008) " (18)” (.mz}@"} '

TS558, =09, §=.003, D.W,=1.86.

{14) Troplicit pries deflator, personal consumption expenditures, services
{except housing)

.
pem—.118 + .1550-+1.56 23
(002} (008) (a1 C"

TSLS, B'=.99, §=.010, D.W.=.28.

{15) Dmplicit price deflator, residential structures, nonfarm

= 491 - .115w;
(002} (008}

TRLY, B=.97, §=.011, D,W.=

{16} Iraplicit prics deﬂntnr, fized investmant, nonresidan tial

= 022 41.304p+ .978{gs)—1;
= (s {EEJP (o ':fr}l

TSLS, R’=+9'9'?, S=+0M, D.W.=1.83.

(17 Wagze rate fprivate sector)

oe—as + o [ 2 (B2 T

-3
+ 877 LDt 00128(P— P, ) — 311 Ty
(.203) E ( P t {.O004£TY ‘} (.11M -a

TSLS, R 57, S==.012, D.W.=.77.
Employment, Weelkly Honrs, and Labor Force Equations

(18) Awverage weekly hours {employees)

ho= 821 + 223 %—— 000412 ;
(0005} (018 ¢ {(.00004)

TSLS, Br= 92, §=008, D.W.=1.71.
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{19} Man-hours per unit of capacity output

MNNAN)_ 1nes — 0010984+1.125 — 001481 T‘
X, {ﬂuﬂ%} {.00008) (.013) (Dﬂﬂﬁﬁ)]
+ 0579-‘—1’--3,—‘1': X =- (38 112X X 3);
{01213 o

TSLS, B2= 90, §=.00105, D.W,=.51.

{20} Civilian Jabor force

&'= 5753 + .183 N,,+N.+ L0047 -, Sa{um,,) -1}

N7 ooany c12ey N (ooo2s)
TSLS(TN), =13, 8=.0085, D.W.=1.85.

IV. Nonwage Income Components Equations
(21} Nonwage personal income

P56+ 40P, T946+DIV;
(.2} (062 (.035)

TSLS, K= .08, §=1.6, D.W.=.t6

22 Corporate profite and inventory valuation adjustment

oa w M —N AN X,
Po==215.04 275 — 1.4 —— 550 40.0 Dy;
(2 +(.n531[17-fp]px (LT (140) X AR

OLS, F'=09, §=1.5, 0.W.=.50.
(23) Dividends

DIV =—.576 4+ .418P,+ .897DIV_,;
(.038) (0102) (.083)

TSLS, Bi= 09, 8=-2, D.W.=2.72.
¥. Mounectary Equations '

{24) Interest rate (short-term), 46 month commercial paper

rym=1.06— 2148 _ -+ 9777:;
f.03) (.102) (.07

OLS, Bt=92, §=.2¢, D.W.= 80.

(25) Tiald, corporete bonds (Moody's)

r=243 + .082r,+ .B85(rg)_.:
{017y {.030) (ms;';m !

TSLS, Fi= 96, §=.11, D.W.=1.45.
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(28) Morigaga yield, FH A-insuréd new homes

= 501 A88r 4+ 739 (rm)n;
o) o +(.u*mfr}

TSLS, Br=06, S=.10, D.W.=.97.

(2T) Liquid aseais of householde

Iy——154+ 1, m¢(0’+ﬂ,}+152 —+ 85(ie,Y =13
ey (o7 s

- PELS(TNY, =93, §=24, D.W.=1.98.
¥1. Miscellaneons Fgquations '

(28) Cepitel consumption allowances, constant dollars (fined nonresidential

capital a
Dy=—4.89-+ .0340(K,) _;
(.04} (.0010)

OLS, F*=.06, 8=2, D.W.=.15

(20) Gress private ontput st capaeity
C X.=734 (100 () T LTV — N ™
(30) Personal ta.x and nontex payments =
Ty +n,Y"
(31) Corporats profits tax Lishility *
Ty byt P,
 (32) Indirect business tax sud nontax lishility

{mﬁuncx H_{ 5ﬂ-}

TSLS, =905, §=7 D.W.=.36.

(33) Stats unemployment insurance benefits

TR =—160+1, 11{N,;—N —N);
(05) (.08

m:.s, RB—88, 8=.3, D.W.=.85.

L. Fof saplmastion of how eqiaion 1 ety oEe A B -
e tax %hﬂmunmﬂnmmmmmwﬂwmwmmmmmm
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(34) New orders, manufactarers’ durables
£y

Os=—L.10 + 956 —*;
{:33) (.052) Pt

TSLS, Re=g87, §=2.3, D.W.=1.12.

(35) Shipmenis, manufscturers' durables

Se=13.8+ GI7A(0,)_,— 2024 G?: O} + 71500 e
{3} (142) {oFGy W - (048)

OLS, =34, §=1.8, D.W.=1.33.

(368) TUnfilled orders, manufacturars’ durables -

Ug=—-38 4 92(0,— 8+ Ua}-s;
(D) Coa) T

. OLS, B*=93, §~=.8, D.W.=1.32.
. Identities .

=

B8 HS=TS+HE.

(39  PCa Pt 2aCat 2ot 2. G- iala
+ Lt gL+ pX -6y — 2l Fipt+ Fin) +-F o+ G=GNP

{40} ENP=pX+Wotpd

@1} W-+P+P.=DIV—i,—iy+ Tyt TRy+Dse
Doyt To— 8ot S GNP} |SD) <40, |SD—SD_,|<1.0

4 Y=W+P
(43) T=T,—TR.~TRAT,
W—W,

I[ o

(46) C'=CFCutO4-C,

(4N Sp=¥Y—-T—p(("+C,)—4,— TR,
{48) S=P—T.—DIV

49) K,=(K,)_1+.260,—D,

{a4) w=
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Eey to Abbreviations

(Al variables except Intereat rates are seasonally adjusted. All somponents
of the national incoma and produact secounts are ab annusl rates; other flow
viriables ave at quarterly Tates unless otherwizs noted. Variables preceded by *

ars BEXOEenoOs. ) ]

. Pereensl consumption sxpendidures, except bousing sarvices, billions
of 1958 dollars. _ i

A Personuel consumption expenditures, automobiles and parts, billions of
1058 dellars.

* A _cost per new private nonfarm bousing unié started, in thon-
sands of dollars. : : )

car Corporate gi::-::m product, billiong of dollars (ratio CGF/pX is sssumed
8XUEENCUB}.

Oy Pﬂfolll;:ls consumption expenditures, nonduzsbles, billions of 1958

ollars. :

Cl Personal consumption expenditures, durables other than sutomobiles
and parte, billions of 1858 dollars, . o

*,. Fersonal consamption axpendifures, housing, billions of 1958 dollars.

(4R Personal consumpiicn expenditures, services {(axcept howsing), billions
of 1058 dollars. :

dy, dy, s Zeasonsl dummy vaeriebles, houvsing expenditures equation; d==1 in
guarter corresponding to subscript, 0 otherwisa,

i, Dummy variable for auto equation (—1 during strike quarter; -+1
following atrike quarter; +1 in 1955 to reflect abrupt credit and taste
changes; 0 otharwizs). _

*d, DPummy variable for inventary eqoation (—1 during etrika quarter;
+1 before and after strike; 0 otherwisze).

o Capital consumption allowances, corporate sactor.

i F Capital mnsumlietign allowanres, nonmranorata gector.

dep Deviation from feast squares linear trend.

DIv Dividends, billionz of dollars.

o, Cspitel consumption allowances, constent dollars, fixed nonresitdential
capital atock, quarterly tete, billions of 1058 d .

£; Discrepancy in f'lumpﬂﬁ quarier batween ohange in buginess inventoriasg
in current dollars and pf..

*F. Exports, billions of dollars. .

Fe Im: cﬁ-bs other than erude materials and foodstufs, billions of 1958

oLars. .

P Tmports of crude materials and focdstuids, billions of 1355 dollars.

*F =- Government purchasee of goods and services, billiors of dollars.

aNT Qrosa national product, billions of dollars.

A Average weekly hours index, private sector (1957-59=1.000).

e Average weekly hours index, self-employad (1957-59=1.000).

Ao Average woskly hours indax, private empleyaes (195759 =1.000).

HE Private nonfarm housing starte, in thousands at annusl rate.

S Number of new 2 or mora fmlfy units ptarted, in thousands at annual
rata.

HE, Number of new single-{amily unita started, in thonsande at annoal rete.

5, Interest paid by conaumers, billiona of dollars,

. Net interest paid by govermment, billions of doliars.

I Residential structures, nonfaro: "Enlhons of 1058 dollars.

"o Residentinl struetores, farm, biltions of dollars.

Ly BResidential constrection a ditures on other than new units (eddi-
tions and alterstions, ete.), billions of 1958 dollars,

I, Change in business invantories, billions of 1958 dollars.

I Fixed investment, nonresidential, billions of 1958 dollars.

i Actual plent and aquépmant outleys in billions of dollars deflated by ¢,.

"'}'; Anticipated plant wnd squipment cutlays; first anticipations in hi]ﬁans
of dollars deflated by gp-a.

K, Eniiu ﬁ:f quarter net stock of plant and equipment, bilions of 1958

m+

L, End of quarter liquid aseets held by households {ewrrency<+demand
fi“d bank savings depositsfeavings and loan sheres), in billions of

W Totel population in millions,

ol Population, ages 18-64 in millicna,

", -smpl , millions. .

*Ny Civilien government Hi?ﬁlﬂymm' millions.

Ng Civilian Iabhor foree, millions.

M, Civilian wage and salary employmen t, millions.
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Durable manufacturam’ new orders, billiene of dollsm deflated by pog.
Implicit price deflator, gross private outpat, except housing services
1658=1.000). : _ ]
Nenwage personal income (fum of proprietors’ incolne, rental income
of persons, dividends, and personal interest income), billions of
dollars. .
Lmaplicit price deflator, personal consumption expanditures, auto-
mobiles and parts (1958=1.000). _ _
In:q;nl:iu::ii'Er price deflator, personal copsvmpiion arpenditures (1958
1.000}. :
Implicit price deflator, imports (1958=1.000).
Im(gh]icit ﬂrll‘.llce deflntor, perggnal éunsun:pt,inn l:pnndituras, nondurablea
1953-1hmﬂ "
Implicit prize deflator, personsl conswmption ehditores, durables
l:Fthar an automobiles and paxts {19535;}.{](}3:}:? )
1953 pnnal mni:laﬂatm, persongl consumption expendituves, housing
Tmplicit pri-:a cfaﬂntor, personal consumption expenditures, services
except housing) (1988=1.000}. :
Wholesala price index, durable goods (1957-50=1.000).
Co&‘pﬂﬁmte profits and inventory valuation adjustment, billions of
oIS, .
Dplicit price deflator, residential structures, nonfarm (1058==1.000).
Imghmt price deflator, fixed Investment, nonresidantial (1958=1.000).
End of guarter axcess resarves as percent of tolal ressrves,
Faderal Hesarve average discount rate (percent).
BLS consumer rent index (1957-50==1.000).
Pereent yield, corporate bonde {(Moody?s).
Percent yield, 2econdary mearket, FHA-insured new homes,
Rate, 4-b month commmercial paper {percent).
U::idiﬁm'butad profitz and inventory valustion sdjustment, billivons of
o

ars,
Manufacturers’ ehipmeanta, durable goods, billions of dollers deflatad

by Pre-
Stutisticen] dizerepancy, billions of dellars,
Enm lezs current surplus of government enterprises, billions of

ollars.

Parsonal seving, billisne of dollars.

Time in quarters (1953 —I=1.0}.

Emgluyer contributions for sociel insurance, billions of dollars.

Profits tax Liability, ballions of dollers.

Fersonsl contributions for social insurancs, hillions of doftars.

Indirect: business tax and nontax lability, billions of dollars,

Pereonal te= and nontax payments, billiens of dollars,

Business transfer paymenis, billions of dollars. :

%&;ﬁn:?al transfer payments to foreig,nanss, Bilkiona of lT}vlla.rﬁ

er paymants Lo pereons, axcapt Stats wnem) ant insurance

beneﬁt.sr: b%ﬁuns of doliars. P ployit

Staie unemployment insurance benefits, billions of dollars.

Tafilled manufacturers’ orders, durable goods at end of quaster, billions
of dollars, deflated by p,..

Estimate of legged distu:%anca, liquid assets equation.

Estimate of lagged disturbance, labor force equation.

Number of vacant nonfarm housing vnits, end of quarter, in thousands.
Annusl wage rate, private sactor, in thoussnds of dollars.

Wﬁe uﬁ?d salery disbursements and other labor income, biillions of

Government compensation, billions of dollars.
Giross private output, except housinp ssrvices, billions of 1958 dollars.
Planned private outpus, billiens of 1958 dollars.
Gross private oulput et capacity, bilbons of 1958 dellnrs.
glslimaa.bla parsonal ingeme, billions of dollars.
nary least-grynares estimate,
Two-stage least-squares esiimate.
Equation is eatimsted uging Theil-Nager transformation of varialles !
Drurbin-Watson statietic: Test for serinl correlation of resideals.
Adjusted cosfficient of determination.
Adjusted standard error of sstimate.

14, S H. Theil and 4. L. Hager, "Testing the Tndepsndsnns of Begrotsion Distmbanes,” Jonrno? of the Amdrisn
Statirtvonl pctitton, LT (Docombee 1961, op. 163 56 el of the Aw
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APPENDIX B
Method Used To Obtain Estimates of Parameters

With & few exceptions, the two-stage
leasi-aquares (TSLS) method was used
to obtain estimates of the parameters
in the equations of the model. Among
the warious methods available to obiain
consistent #sthmates in an interdepen-
dent simultanesis systermn, this is by
fax the simplest to apply and has heen
shown in past etudies to yield accaptable
realfs.

The applicstion of TSLS to obtain
parameter estimates for che present
madal differs in ona important respast
from the mors usual wey the method
it used. The customery procedure has
been to obtain the firet-stage computed
values by regressing il “right-zide™
endogenous variables on all prade-
termined variables in the syatem or on
some salected subset of them. In the
present instence, because of the Jarge
nwber of predetarmined variables rela-
tive to the number of ohasrvationa, the
computed walues weres obtained by
reprassing the endogenous variables on
leading principal components of the
predetarinined set. In brief, principel
COMponents are ceriain linear combina-
tions of the variables in the prede-
termined set which capture in con-
densed form the essential information
contained in the full amay., The
method was adopted primaniy for
conveniencs and to aveid computationsl
dificuliies asscciated with large systems
that bave strony comrelations among
the predetarmined variables. It was
found that 10 principal componenis
were sufficient and all but exhansied
the information conteined in the Full
got, Thus, all first-stage regrassions
were based on the set of derived
varigbles, 10 in namber.

Specific mention should be made of
the matbod used to cbiain parameter

L%, Ao, for axamply, 'T. W, Atiderson, AN JGiodoeion t
Muliloariate Sfatigical Assfpair (Joho Wiy mnd Bom,
188, pp 2702, mod T Klmk wd Lo B, M. Monoe,
sEimpltoneom Equktlots Estimsbn Busqd or Frindpsl
Componecls of Predetormingd Yidebles,” Hreotemalrfe,
Tanuayy 1000, pp 45-01.

estimates for capacity output given by
equation (29). The parameter esti-
mptes were obtained indirectly as
follows:

(1) A loesr homogeneous Clobh-
Douglas production funcon wes first
fitted, using actual privete output,
man-hours employed, and utilized cap-
ital approximated by multiplying the
Wherton Schood Index of capacity
utilizetion by total capital. The com-
puted elasticibies wers used in the next
step,.
t?;z) The difference log X, —alog K—
f1-a)log [.87 {N;—N)] was then

. _ X
rogreszad on time, whera X"‘_WBT

{3) The constant term and the co-
efficiant for time from {2} and the

May 1584

elasticities from (1) wers incorporated
into equadion (29). Values computed
from ihis equation for X, rather than
X, are used to define capacity cutput.
The usual supplementary statistics are
not shown for thie equation. '

Tha above procedure was adopied to
remove the unrealisic Buctuations in
capacity ouiput obiained by direct
application of the Wharton Scheol
Index. The fuctuations arise primarily
because of the inapplicability, in a strict
sense, of the index, which is based on
indezes of industrial production, to a
GINT concept of itoial private output.
Alihough this procedure removes the
Awctuntions, it does oot correct for
Fos:lible bins in the estimate of capacity
evel.

APPENDIX C
Treatment of the Statistical Discrepancy in the Model

in designing econometric models, it
has heen tustomary 0 include equa-
ticns to account for all but one incoma
itern—usunlly corporate profite—which
is then determined restdusily through
the constraint, found in the national
incoma and product accounts, that in-
come plas reconcilintion items equal
product. This implies that values for
the usual reconciliation iteme, ncluding
the statistical discrepancy, must be
mircduced. Ingeneral, the discrepancy
iz sot at the praviens period’s or some
other predetormined lovael.

This procedure has the serions draw-
bacik that the residual item must bear
the brunt of errors made elsswhere in
the reodel—errors that are by no means
netessarily offsetting. To alieviate this
diffienlty, tha preseat modsl uses a
different approach. Bshavioral egua-
tions nitially determine oll incoms sle-
ments, including oorporata profits.
Then, in order t¢ avoid overdetermina-

tion implied by adding the income-
product identity (there being then more
equaiions than unknowns), the statisti-
¢al distrepancy is defined 52 a naw vari-
able, rother. then assuming & pre-
assigned value. This makes tha
discrepancy, rather than sn income
comaponent, the residual.

Cleady, the discrepancy cannot be
allowed to vary without limit since the
essential identity between income and
product must hold. Thus, two con-
straintz are introduced to limit the
behavier of the discrepancy: (1) Tts
lavel is constrained to vary within the
approximate  historically ohserved
rangs, from —840 billion to +-§4.0
hillion, and {2) its maximum allowable
qusrterly change is set at $1.0 billion.
Movements of the dizerepancy bayond
sither of these limits give rise to an
excess that must be eliminated.

The method of elimination = as
folows: Adjustments are made on ear-
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tain income-determiping equations,
namely those for the wage rate, man-

hours, corporate profits, snd personsl |

nonwsage incoms, by shifting. the con-
gtent trms in thess equations by
smounts sufficient to oliminate the
exeess discrepancy when the model is
again solved.

Thees adjustmenis have two effects.
First, they serve t¢ reconcile income and
product by spreading the excess re-
gidusl element among the major in-
come components rather than concen-
trating it in profits. Second, because
of feedbecks to spending primarily via
disposable income, tha Jevelz of incoma
and preduct are adjusted to the point
where they ars consistent with both
the necessary income-product identity
{within the ahcve-siated discrepancy
lonit) and the requirements of the
mode]. '

The reiative amounts of adjustment
introduced into the four equations are
somewhat arbiteary; they were de-
termined so thet the resuléing income
increment or decrement would be
distributed among wages, corporate
profits, and personal nonwage income in
amounts baged partly on the relative
sizes of these components, and partly
on the residual character of corporate
profite and entreprenewurial income,
Equal weight was attached to the wage
rats and fo man-hours in affecting wage
payments.

The decision to confine adjustments
exclusively o income items was not
arbitrary. It was based on examina-
tion of the muliipliers implied by the
given system of equations. This exami-
nation showed thet errors made on the
product side of the accounts tend to
bring about similar errors on the income
side in both magnitude nnd direction.
Errors on the income side, however, do
not affest produck commensurately,
and they therefore tend to affest the
statizticnl discrepancy. Thus, the pro-
cedure adopted is besed medaly on
what is expedient to bring ahout a
desired change in the statistical dia~
erepancy. However, apsrt from expedi-
ency, it appears quite likely that the
Incotng eguations are more pracarious,
which also suggests the adoption of the
ndjustment procedure, ab lesst on a
provisional basis,

SURVEY OF CUREENT BUSINESS

APPENDIX D
Method Used to Solve the Model

Examination of the model equations
chows that many of thers are nonlinesr
in andogenous variables. Given such a
system, the usual methods of matrix
inversion for the solution of a set of
lingar aquations cennct be applied, and
an alternative method must be em-
ploved.

The particular method usad to solve
the model was: criginally suggested by
Professor Klein and consists, essentially,
in the separation of the equations of the
systom into two parts. The first step
in the scludon is to Inteoducs provi-
sinnal values for a selecs set of variables
in coe of the perts—values from the
previous period ara satisfactory for this
purpose. The variables selected are
such as to remove the nonlinearitizs in
the sat so that a linear solution methed
can be applied to obisin provisionsl
values for the remaining uwnkoowns.

The=e values are then introdueed into
the second part, which can than also be
solved as a linear set. The sclution
yields revised walues for the variables
initially introduced into cthe first set.
After a number of iterstions {(usually
five to saven), the procass converges Lo
& solution Ior the entire set of equations.

Solution is assumed complate when
two suecessive interations yield veluoes
of the endogenous veriables that differ
by ne more than 0.05 percsot. This
ensures that all variables are computed
correctly to the degree of precision
given by the corresponding data. Be-
cause of the treatment accorded to the
statistical diserepancy (zee Appendix
), the iteration procedure i= carried
out twice For sach quarter in which the
discrepancy does not fall within the
presceibed limita,

APPENDIX E

Constant and Time Trend Adjustments

In most of the equations of the model
there is evidence of serial correlation
of residunls, This indicetes ejther im-
perfections in specification or auto-
correlated errors of messurement in the
data. To minimiza forscasting errors
resulting from serial correlation, it is
reaspnable to sdjust the intercept or
constant term of each equation showing
such correlation so thai the computed
value of the dependent veriable coin-
cides with the last chserved value or
with the average of recently observed
values.

In simulating with the model, where-
over serial correlation was belisved to
be present, constants wers adjusted as
just described. Either the value of the
lost gquarter {pricr to forecast) or
average values of the last four quariers
were vsed depending on whether serial

correlation was deemed o be strong or
moderate. For equations estimated
with the Theil-Nagar transformation,
this procedure was superzeded by ap-
propriaie explicit treatment of the
lagged residual.

In epplyiog the model beyond the
sample period, it is also appropriste to
expmine residuals in equations contein-
ing trend terms to see if there has been
o shift in the trend. Thus, in making
the 1065 forecast, a trend correction was
applied to the man-hours equation
because of an apparent drift of the
residuals over the recent period prior
to 1965,

15, Bpdatlons nore carriod oo on sty TR P04 compator
by yeenng of & progeem calkd OMBITAE. G T Hisen-
rath, G. C. Hoglar, . G. Missloa, F. 7. Woish, and R T
Horbald, QMNITAR: A Cympuler Progron for Slcilatial
ond Numsrkal Asalymh, Hothoosl Bureas of Standerds
Hewdbook 101 (1.8, Toverdionk Frintmg OMes, 199,



